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Abstract

Coronavirus disease 2019 (COVID-19) is a novel infectious viral disease caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Two consecutively negative SARS-CoV-2 viral RNA test (interval > 24 hours),
improved respiratory symptoms and obvious absorption of inflammation in pulmonary imaging are the discharge
criteria for COVID-19 patients. The clearance profile of viral RNA in the upper respiratory tract specimens, including
nasopharyngeal swab and/or oropharyngeal swabs, is related to innate immune cells such as Natural Killer cells. A
total of 168 patients were included for the study. In this cohort, non-severe and severe groups showed significant dif-
ferences in white blood cells, neutrophils, lymphocytes, basophils and platelets counts, as well as in infection related
parameters such as CRP and serum cytokine IL-6. For lymphocyte subsets tests at admission, the severe group dis-
played significantly lower cell counts than the non-severe group. Higher counts of total T cells, CD4+T cells, CD8+T
cells,and NK cells in peripheral blood showed a significant correlation with the shorter time taken to obtain the first
negative viral RNA test and first positive IgM/ IgG antibody test. The number of B cells was only correlated with time
to achieve the first positive IgM/IgG test. The count of NK cells was also correlated with a higher level of IgG antibody
(p=0.025). The lymphocytopenia group had a significantly worse survival rate (p=0.022) and a longer duration
(p=0.023) of viral shedding than the normal lymphocyte count group. A lower NK cell count correlates the most with
the worse survival rate (p<0.001) and a longer duration (p<0.001) of viral shedding. This study suggests the potential
value of allo-Natural Killer cell therapy as an universal COVID-19 treatment strategy.
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To the editor,

A novel coronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has spread globally
since December 2019. Factors that affect the duration
of viral shedding of SARS-CoV-2 [1] have not been
fully declared yet. The association between lympho-
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significant differences in white blood cells, neutrophils,
lymphocytes, basophils and platelets counts, as well as
in infection related parameters such as CRP and serum
cytokine IL-6. The severe group had higher level of CRP
and IL-6 than non-severe group. For lymphocyte subsets
tests at admission, the severe group displayed signifi-
cantly lower cell counts than the non-severe group (Addi-
tional file 3: Table S2). SARS-CoV-2 viral RNA detection
and specific IgM and IgG tests were taken at least twice
per week after admission. Higher counts of total T cells,
CD4+T cells, CD8+T cells, and NK cells in periph-
eral blood showed a significant correlation with the
shorter time taken to obtain the first negative viral RNA
test and first positive [gM/ IgG antibody test.The severe
group required a longer time to achieve the first positive
IgM/IgG test (either IgM or IgG more than 10IU/mL)
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(Additional file 4: Table S3). Inflammatory monocytes
were reported to secret IL-6 and GM-CSF in COVID-19
patients,resulting in elevated IL-6 and other cytokines
such as IFN-y and TNF-a [2]. IL-6 mediated JAK/STAT
signalling which could elicit cytokines release storm
(CRS) and correlated with worse prognosis. According
to our data, higher CRP and IL-6 had a significant cor-
relation with a longer time taken to achieve the first viral
RNA negative and IgM/IgG positive tests. The number of
B cells was only correlated with time to achieve the first
positive IgM/IgG test. The count of NK cells was also
correlated with a higher level of IgG antibody (p =0.025)
(Additional file 5: Table S4 and Additional file 1: Addi-
tional material ). The lymphocytopenia (<1 x 10°/L) [3]
group had a significantly worse survival rate (log-rank
p=0.022) and a longer duration (log-rank p=0.023) of
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Fig. 1 Survival and hazardous analysis. In lymphocytopenia subgroups analysis, p=0.022 for survival and p=0.023 for viral shedding duration. In
NK cell lymphocytopenia p <0.001 for survival and p <0.001 for viral shedding duration
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viral shedding than the normal lymphocytes count group.
The NK cell lymphocytopenia (<0.1 x 10°/L) [4] group
had a significantly worse survival rate (log-rank p <0.001)
and a longer duration (log-rank p<0.001) of viral shed-
ding (Fig. 1).

Both innate and adaptive immune responses are essen-
tial to control viral infections. NK cells, as a part of innate
immune system, play an important role during acute
viral infection [5]. The strength and duration of IgG after
infection is the key point of immunity from SARS-CoV-2
[6]. NK cells have a direct killing effect on virus-infected
cells through the killer-cell immunoglobulin-like recep-
tors (KIR) [7], lysis-infected cells and releasing antigen.
NK cells interact with dendritic cells [8] and may play a
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part in processes of antigen-presentation and adaptive
immunity against SARS-CoV-2. NK cell counts could be
critical to the IgG immunity for COVID-19. Engagement
of CD16 on NK cells by antibody-coated virus-infected
cells results in antibody-dependent cellular cytotoxic-
ity [9]. The innate immune system serves as a front-
line of clearance for coronavirus and regulates immune
response. We hypotheses that NK cells can directly kill
virus-infected cells through degranulation, receptor
mediated apoptosis, and antibody-dependent cell-medi-
ated cytotoxicity (ADCC) (Fig. 2) [10, 11]. Also, it has
been proven that NK cells conduct active crosstalk with
autologous dendritic cells (DC) through a process that
requires NK cell-DC cell interaction and the secretion
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Fig. 2 The innate and adaptive immune response to SARS-CoV-2 infection. Hypothesis of the innate and adaptive immune response to SARS-CoV-2
infection. NK cells have direct killing effect on SARS-CoV-2 infected cells, as well as participate in antibody-dependent cellular cytotoxicity. Through
inhibiting and activating receptors, NK cells recognize infected cells. Once activated, the degranulation of NK cells induces the releasing of perforin

which participates in antibody-dependent cellular cytotoxicity. Meanwhile,

NK cells also interact with dendritic cells in antigen presenting process and affect adaptive immune response. Monocytes can secret IL-6 that acts as
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of specific cytokines [12]. This may explain why the
NK cell count is related to a specific [gM/IgG antibody
response. So far, there are four COVID-19 related NK
cell clinical trials registered on Clinicaltrials.gov, includ-
ing hematopoietic stem cell derived NK cells infusion
(NCT04365101), NK Cells in combination with standard
therapy (NCT04280224), IL-15 superagonist- and GM-
CSF neutralizing scFv-secreting NKG2D-ACE2 CAR-
NK cell therapy for COVID-19 patients (NCT04324996).
Natural Killer cells do not cause GVHD, which provides
an off-shelf anti-viral cell therapy. This study suggests the
potential of Natural Killer cells as an universal COVID-
19 treatment.
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